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Background: The impact of exercise interventions on south Asians with type 2 
diabetes (T2DM), who have a higher T2DM incidence rate compared to other ethnic 
groups, is inconclusive. This study aimed to systematically review the effect of exercise 
interventions in south Asians with T2DM.  
Method: Five electronic databases were searched up to April 2017 for controlled trials 
investigating the impact of exercise interventions on south Asian adults with T2DM. 
The Pedro scale was used to assess the quality of the included studies.    
Results: Eighteen trials examining the effect of aerobic, resistance, balance or 
combined exercise programs met the eligibility criteria. All types of exercise were 
associated with improvements in glycemic control, blood pressure, waist 
circumference, blood lipids, muscle strength, functional mobility, quality of life or 
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neuropathy progression. The majority of included studies were of poor methodological 
quality.  Few studies compared different types or dose of exercise.  
Conclusion: This review supports the benefits of exercise for south Asians with 
T2DM, although it was not possible to identify the most effective exercise prescription. 
Further studies of good methodological quality are required to determine the most 
effective dosage and type of exercise to manage T2DM in this population.  
Keywords: Type 2 diabetes; Exercise; ethnicity; South Asian; management 
 
 
 
1. Background 
Type 2 diabetes (T2DM) is one of the most common chronic diseases affecting more than 
415 million people worldwide (1). Although T2DM affects people from all ethnic 
backgrounds, south Asians (people who have originated from Pakistan, India, Sri Lanka, 
Nepal, or Bangladesh) are considered to be one of the ethnic groups that largely contribute to 
this high prevalence rate (2). South Asians are up to six times more likely to have T2DM than 
white European people, with the onset of T2DM occurring 5-10 years earlier in this 
population (3–5).  
Exercise is considered a core element in T2DM management and has been found to 
improve a number of factors strongly linked to T2DM and its complications, such as 
glycemic control, high blood pressure, and abnormal blood lipid profiles, muscle weakness, 
neuropathy, functional decline, and poor quality of life (6–8). However, the available 
evidence regarding the effects of exercise emerged from studies mainly including people of 
white European background (9). Studies investigating the impact of exercise in people of 
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different backgrounds indicated variation in exercise responses among ethnic groups due to 
physiological, psychological, genetic, social and cultural factors (10,11). Therefore, the 
generalizability of the available evidence is limited. 
To date, no systematic review has specifically explored the impact of exercise on 
south Asians with DM2. Recently, Bhurji et al. (12) reviewed the effects of different 
management strategies targeting south Asians with T2DM and found limited improvements 
that failed to reach level of statistically significant in glycemic control, while interventions 
compromising of exercise or yoga were most successful. However, of the 23 studies included 
in this review only 4 consisted of an exercise only intervention, of which one study did not 
have a control group. Therefore, the aim of this systematic review was specifically to review 
controlled trials investigating the effect of exercise interventions in south Asian adults with 
T2DM. 
2. Methods 
2.1. Data sources and search strategy 
Electronic searches were conducted up to April 2017 of the following databases: Medline, 
Embase, Cochrane Library, CINAHL, and Physiotherapy Evidence Database (PEDro). The 
keywords were divided into three categories, namely condition of interest (i.e. T2DM), 
ethnicity (i.e. south Asian), and intervention (i.e. exercise). Keywords and medical 
subheadings related to every category were combined together with the Boolean operator 
“OR”. Then, the Boolean operator “AND” was used to combine categories. Search strategies 
were tailored to each database (Appendix 1). Reference lists of included articles and 
systematic reviews in the field were also searched manually for relevant studies. 
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To be included in this review, articles had to be of either randomized controlled trials 
(RCTs) or non-randomized controlled clinical trials (CCTs), written in English, included 
solely south Asian adults with T2DM or where there was a mixed sample of Diabetes or 
ethnicity distinct results for south Asians with T2DM were presented, evaluated an exercise 
program and reported at least one T2DM health-related outcome. For the purpose of this 
review, exercise was defined as a structured predetermined physical activity program lasting 
four weeks or more. Articles were excluded if programs compromised of dance, yoga or only 
provided advice or a recommendation to increase physical activity. Reviews, cross-sectional, 
case–control, case series studies and abstracts only were also excluded. 
2.2. Study selection 
All references retrieved from the electronic and manual searches were exported and added to 
a web-based systematic review tool (www.covidence.org) (13). To determine whether the 
papers met the inclusion/exclusion criteria, two independent researchers [LP and HA] 
initially scanned the titles and abstracts. Articles then were read in full. Inconsistencies in 
study selection were resolved by discussion between the two researchers.  
2.3. Quality appraisal and data extraction 
Three reviewers [HA, EC, LP] were involved in assessing the methodological quality of the 
included studies using the PEDro scale (14). The PEDro scale is a valid and reliable tool 
which scores papers based on 10 criteria (14).  Each article was reviewed and scored by two 
assessors independently. Discrepancies were resolved by discussion including the third 
reviewer if required. Trials which scored 6 or higher in the PEDro scale were considered to 
be of good quality, while those which scored less than 6 were considered to be of poor quality 
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(15). Data were extracted from each study by one reviewer (HA). When two or more articles 
were from the same study but reported either different outcome measures or results from 
different assessment times, they were combined and considered as a single study. Authors of 
such studies were contacted for clarification. 
3. Results 
3.1. Description of the included studies 
The search identified 2,292 potentially related publications, of which 2274 articles were 
screened after duplicates were removed. The full text of 49 articles was screened for 
eligibility, from which 23 articles were included for review (16–38). These 23 articles 
reported findings from 18 original trials (Figure 1; Table 1). 
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses, flowchart of 
screening and inclusion process of included trials. 
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Table 1 Near Here 
Of the 18 trials included, 16 were RCTs and two were CCTs (35,36). The majority of these 
trials (n=15) were of poor methodological quality scoring less than 6/10 on the PEDro scale 
(Table 2). Only one trial, published in two articles, stated that the assessor was blinded 
(33,34) and the ‘concealed allocation’ criterion was satisfied in only one trial (16). Six trials 
did not provide between-group analysis (18,20,21,25–28,38). Only three trials, published in 4 
articles, conducted sample size calculations (22,33,34,37).  
 
[Table 2 Near Here] 
 
3.2. Participant characteristics 
The 18 trials included 1063 participants, of whom 959 (90%) were Indian. The time since 
diagnosis of T2DM was at least six months in seven trials (16,22–24,30–32). The remaining 
studies did not report T2DM duration. All studies excluded people with contraindications to 
exercise such as uncontrolled hypertension. Five studies included only participants with 
complications strongly linked to T2DM, such as neuropathy (34,38), hypertension (27), 
obesity (18,35) and restriction in physical performance due to obesity and age-related 
conditions
 
(35). 
3.3. Characteristics of exercise program 
Of the included 18 trials, 15 compared exercise to control situations. Two trials compared the 
efficacy of two different exercise programs (17,31) and one trial with three intervention arms 
examined the efficacy of two exercise programs compared to usual care (23). The programs 
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involved aerobic exercise (n=10)(17,23,29–31,33,35–37), resistance exercise (n=7) (19–
23,26,27), combined aerobic and resistance (n=3) (16–18), and balance exercise training 
(n=1) (38). 
3.3.1. Aerobic exercise 
Aerobic exercise programs were prescribed in ten trials (17,23,29–31,33–37), of which eight 
programs were fully supervised, while two studies prescribed either partially supervised (29) 
or unsupervised programs (35). The length of aerobic programs varied ranging from 4 to 52 
weeks (29,30). The modes of aerobic exercise were walking with pedometers (n=1) (31), 
walking with heart-rate monitors (n=1) (32), walking on a treadmill (n=3) (34,36,37), 
walking alone (n=3) (23,29,35), stationary cycling (n=1)(30), or a combination of different 
modes of aerobic exercise (n=1) (17).  
Nine trials reported session duration ranging from 30 to 60 minutes and a frequency 
of three to five days per week (17,23,29–31,33,34,36,37). Similarly, the intensity was defined 
as moderate in five exercise trials according to heart-rate reserve (32,33) or the Borg Rating 
of Perceived Exertion Scale (29,31,36), while intensity was not reported in four trials 
(17,23,30,37).  Only one study included people with mobility limitations, which reported 
daily, light intensity exercise of five minutes of walking every hour for most waking hours 
(35).  
3.3.2. Resistance exercise 
Seven supervised, progressive resistance programs were prescribed in six trials (19–
24,26,27). The length of these programs ranged from 4 to 16 weeks. The volume of resistance 
exercise was reported in terms of number of repetitions and sets performed. In four trials the 
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volume was consistent with 3 sets of 10 repetitions (20–23). Only one study specified a rest 
interval between sets of two minutes (22). The remaining two studies reported neither volume 
nor time (19,27)
,
. 
All studies reported targeting the major muscle groups of the body and incorporated 
exercises such as hamstring curls, sit-ups and wall-squats. These exercises were most 
frequently performed using a Swiss-ball (n=4) (19–21,28), two programs used weight 
machines (22,23), and one program used resistance bands (19). The majority of programs 
were performed three times per week (n=5) (20,24,26–28). One program was performed two 
times per week (23). Another program was undertaken two to three times a week based on 
participants’ preference (22).  
3.3.3. Combined exercise 
Supervised combined exercise programs were described in three trials (16–18). The length of 
these programs were 8 (16), 10 (17), and 24 weeks (18). Only two studies reported duration, 
and in those two studies sessions lasted 60 minutes (16,17). Two studies included aerobic and 
resistance exercise in the same session two or three times per week respectively (16,17), 
while one study prescribed aerobic and resistance training in different sessions (three days 
aerobic and two days resistance per week) (18).  
Two of the three combined programs involved traditional aerobic and resistance 
exercise (17,18), whereas one program employed culturally adapted aerobic exercise 
(Bollywood dance) plus traditional resistance exercise (16). The intensity of the aerobic and 
resistance components of the combined exercise was not reported in any of the studies. 
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3.3.4. Balance exercise training  
Only one trial prescribed supervised balance exercise (38). The program consisted of 
multisensory exercises including walking forwards, backwards, and sideways with eyes both 
open and closed, on different ground surfaces for various distances at different speeds. This 
program was undertaken for 30 minutes, three times per week for six weeks. 
3.4. Effects of different exercise programs 
All exercise interventions described, regardless of the type of exercise, found positive effects 
on at least one outcome (Table 3). Six trials provided information related to adverse events, 
three of which stated there were no exercise-related injuries or serious complications 
(21,23,36). Two trials described “a few” episodes of mild hypoglycemia and one trial 
reported muscle soreness as a result of resistance exercise, however none resulted in non-
compliance with exercise or required hospital admission (20,22,26). None of the included 
trials provided follow-up assessment beyond the end of the intervention period.  
 [Table 3 Near Here] 
3.4.1. Effects on glycemic control  
Thirteen trials examined the impact of exercise interventions on glycemic control in south 
Asians with T2DM (16–22,24,27,30,32,33,35). Glycated hemoglobin (HbA1c), was the main 
glycemic control measure in 10 trials (16,18,20–22,24,27,30,32,35). Six trials, involving 
seven exercise programs demonstrated that eight weeks or more of aerobic (n=4) 
(24,30,32,35), resistance (n=2) (22,24), or combined (n=1) (16) exercise programs were 
associated with a significant improvement in HbA1c compared to a control group 
(16,22,23,30,32,35). The remaining trials did not provide between-group analysis, yet these 
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trials reported a significant reduction in HbA1c following resistance exercise compared to 
baseline values, while the control groups showed an increase or no change in HbA1c 
(18,20,21,27).  
Other glycemic control measures such as fasting blood glucose (FBG) levels and 
postprandial glucose levels (PPBS) were assessed in eight studies (17,19,20,23,29,32,34,36). 
Six studies found a significant improvement in these measures following aerobic  
(23,29,32,36), resistance (23) or combined exercise (17) compared to usual care or another 
exercise intervention (combined more so than aerobic) (17). Only two studies did not find 
significant differences in FBG between groups (19,34). Bashyal et al. (19) compared two 
resistance exercise programs and reported significant improvements in both groups compared 
to baseline. However, this study did not include an inactive control group for comparison.  
Dixit et al. (34) examined the impact of eight weeks of aerobic exercise compared to usual 
care. The exercise group showed improvement although the results were not statistically 
significant.  
3.4.2. Effects on blood pressure  
Five trials investigated the impact of exercise interventions on blood pressure 
(22,24,27,30,32). Four trials, involving five exercise programs, demonstrated that aerobic (n= 
3) or resistance (n=2) exercise significantly improved both systolic and diastolic blood 
pressure compared to baseline or a control group (22,24,27,30,32). Only one study, consisting 
of 8 weeks of resistance exercise, did not find a statistically significant improvement in blood 
pressure 
27
. This study was of shorter duration compared to other resistance programs (<12 
weeks) (24,27).    
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3.4.3. Effects on blood lipids 
Three studies examined the impact of exercise on blood lipid profiles (22,23,37). All these 
studies found positive results following either aerobic or resistance exercise (22,23,37). 
Hameed, et al. (22) found that eight weeks of resistance exercise was associated with a 
significant increase in high-density lipoprotein cholesterol compared to usual care (22). 
Arora, et al. (23) found that 16 weeks of either aerobic or resistance exercise programs 
significantly reduced total cholesterol compared to usual care. Neither noted a change in 
triglycerides or low-density lipoprotein levels. Despite this, Shakil et al. (37) conducted a 
trial of longer duration (25 weeks) finding significant improvement in  both high and low-
density lipoprotein cholesterol compared with usual care (37). This study did not measure 
triglycerides. 
3.4.4. Effects on anthropometrics 
Ten trials reported body mass index (BMI), weight, wait circumference or waist-hip ratio 
(16,18,20–23,27,32,33,35). Waist circumference improved significantly following resistance 
exercise as compared to a control in one trial (22). The remaining trials did not report 
improvements (16,22,23,32,33,35) or the results were limited due to the lack of between 
group analysis (18,20,21,26).  
3.4.5. Effects on muscle strength 
Two studies examined the effect of exercise on muscle strength using either one repetition 
maximum strength tests (22), or isotonic/isometric dynamometer software (23). These trials 
demonstrated that either aerobic or resistance exercise improved muscle strength in south 
Asians with T2DM (22,23). Hameed et al. (22) found 12 weeks of progressive resistance 
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exercise led to statistically significant improvements in lower and upper body musculature 
strength compared to a control group (22), and Arora et al  et al. (23) found 16 weeks of 
either aerobic or progressive resistance exercise improved strength of the muscles of the 
lower part of the body compared to usual care.  
3.4.6. Effects on balance/functional mobility 
Three trials reported positive results on balance and functional ability following aerobic 
(24,35), resistance (24) or balance exercise (38). Two trials specifically included people with 
physical limitations (35,38). Majeed, et al. (38), which included south Asians with T2DM and 
peripheral neuropathy, reported significant improvements in functional mobility, measured 
by the ‘timed up and go’ test, following a 6 week balance exercise program. Seshadri, et al. 
(35), which included elderly, obese south Asians with T2DM who were unable to walk for 
long distances, reported significant improvements in the six-minute walk test after 24 weeks 
of light-intensity aerobic exercise. However, this improvement was not significant compared 
to usual care. The lack of between group improvements may have been due to the low sample 
size (n=9 per group). The third trial, Arora et al (23). demonstrated 16 weeks of either aerobic 
exercise or resistance exercise induced significant improvements in balance compared to a 
control group, measured using the Berg Balance Scale (24). 
3.4.7. Effects on quality of life and well-being 
Nine trials assessed quality of life and/or well-being (17,19,23,26,29,31–33). Six trials found 
aerobic (n=4), resistance (n=1) or combined exercise (n=1) significantly improved quality of 
life compared to control (17,19,23,26,29,31–33). Three trials did not report significant 
between group differences, yet reported significant improvements compared to baseline 
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(19,28,35)
,
.  The lack of between group differences, in two trials, may have resulted from the 
inclusion of an active control group (19) or under powered sample size (35).  The third trial 
did not perform between-group analysis (28).  However, there was heterogeneity in terms of 
outcome measures used. These outcomes included the 36-item short-form Survey, Fourteen 
items measuring quality of life (14-QOL),  Audit of Diabetes Dependent Quality of Life 
(ADDQol19), Diabetes specific quality of life questionnaire, Neuropathy quality of life 
questionnaire, well-being questionnaire, 22-items self administered well being questionnaire 
of Bradley and Lewis. 
3.4.8. Effects on physiological measures related to neuropathy 
Two trials reported measures related to neuropathy and showed positive results following 
aerobic exercise (30,34). Sridhar et al. (30) examined the impact of 52 weeks of aerobic 
exercise on cardiac autonomic function measured by heart-rate variability (HRV) with a deep 
breath (30). This study reported a significant improvement in HRV for the exercise group 
compared to usual care. Dixit et al. (34) compared the effectiveness of eight weeks of 
moderate-intensity aerobic exercise with usual care (34). The intervention group 
demonstrated a statistically significant improvement in the Michigan Diabetic Neuropathy 
Score (MDNS) and nerve conduction velocity. However, the study did not show 
improvements in other nerve conduction parameters for peroneal and sural nerve.  
3.5. Optimal exercise strategy 
Three trials, published over four articles, compared the effects of different exercise 
interventions (17,19,23,24). Arora
 
et
 
al. (23)
  
indicated that both aerobic and resistance 
exercises are effective in improving glycaemic control, blood pressure, and increasing muscle 
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strength yet, resistance exercise was found to be more beneficial. The results of this trial were 
limited by small sample size (n=10 in each group). Paul & Mary 
21
 found combined exercise 
was superior to aerobic exercise alone in terms of improving quality of life and decreasing 
fasting blood glucose levels (17). Bashyal, et al. (19) compared the effects of two resistance 
exercise programs; one using a Swiss ball and another using resistance bands. There were no 
between-group differences in quality of life or fasting blood glucose (19). None of these trials 
compared the effect of other exercise variables (intensity, frequency, duration). It is therefore 
difficult to determine the optimal exercise program for south Asians with T2DM. 
4. Discussion 
This is the first systematic review to specifically consider exercise interventions targeting 
south Asians with T2DM. Overall, in line with systematic reviews involving mainly white 
European participants with T2DM (6–8), the evidence presented within this review was 
positive regarding the efficacy of exercise in south Asians with T2DM. Exercise was also 
well tolerated by participants (20–23,26,36).  
Aerobic exercise alone or resistance exercise alone were the most common types of 
exercise investigated in south Asians with T2DM and were associated with improvements in 
glycaemic control, blood pressure, blood lipid profile, muscle strength, functional mobility, 
and quality of life (17,23,24,29–31). There was little evidence to support or refute the 
efficacy of balance or combined exercises on the majority of these outcomes. Balance 
exercise was investigated in only one trial finding improvements in functional mobility (38). 
Combined exercise was explored in three trials reporting positive results in terms of 
improving glycemic control and quality of life (16–18).  As such, more studies are required to 
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investigate the impact of such types of exercise in a wide range of outcomes in south Asians 
with T2DM. 
Exercise type and dosage variables (intensity, frequency and duration) have 
previously been found to be associated with the overall effects of exercise programs in people 
with T2DM (39,40).  In the current review, however, there was a dearth of trials comparing 
different types, modes, or doses (frequency, duration, and intensity) of exercise on diabetes 
related outcomes, making it difficult to identify the most effective prescription of exercise to 
improve T2DM management among south Asians. Systematic reviews involving mainly 
white European participants with T2DM found that aerobic exercise was superior to 
resistance exercise programs in terms of improving glycemic control and blood lipid profiles, 
whereas combined interventions were more beneficial than either aerobic or resistance 
exercise alone (6). Yet, the results of the current review indicate that the generalizability and 
transferability of these finding to south Asians with T2DM may be limited.  
Only one trial examined the impact of two different types of exercise on both 
glycemic control and blood lipid profile (23). Arora et al. (23) found that resistance exercise 
was more beneficial than aerobic exercise. This finding is consistent with a RCT comparing 
the impact of aerobic and resistance exercise on people of white European backgrounds and 
African Americans with T2DM, another ethnic group disproportionally affected by T2DM 
(41). This study showed that resistance exercise was more beneficial for African Americans 
in terms of glucose metabolism. However, more studies of good methodological rigor are 
required to compare the impact of different types of exercises on south Asians with T2DM.  
Although optimal dosage variables cannot be determined based on available literature, 
the majority of studies included in this review adhered to the widely recommended dosage of 
aerobic and resistance exercises for people with T2DM (42,43). It is recommended that 
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people with T2DM undertake 150 minutes of moderate aerobic exercise weekly, in bouts of 
at least 10 minutes (43). Progressive resistance exercise programs should involve the main 
muscles and be undertaken 2-3 times weekly (42,43).  
The current review also indicates that obese south Asians with T2DM with physical 
limitations may even benefit from lower doses of aerobic exercise e.g. light intensity walking 
of 5 minutes every hour. Since south Asians have been identified as less active than white 
Europeans  and as having greater complications associated with T2DM (44), it is possible 
that exercise with short bouts at a light intensity of aerobic exercise may be effective. 
However, this evidence emerged from only one study of a small sample size and poor 
methodological quality.  
None of the studies included within this review reported significant improvement in 
BMI or weight. The impact of exercise alone on weight and BMI remains 
controversial(45,46). To reduce weight, interventions incorporating diet and exercise produce 
better results than those comprising of exercise alone (47). 
The evidence, however, should be interpreted with caution due to the methodological 
limitations. In addition, changes to diet and medication may confound the effect of exercise 
on some outcomes such as glycemic control, blood pressure, and blood cholesterol (48), yet 
this was not reported in any of the included trials.  Furthermore, the findings regarding the 
impact of exercise on blood lipids profiles, muscle strength, neuropathy, and functional 
mobility were based on a limited number of trials (22,24,34). There is a paucity of studies 
reporting a wide range of T2DM related outcomes. The majority of studies were conducted in 
India with Indian participants therefore, the findings may not be generalized to those of other 
south Asian backgrounds or those living in western countries. 
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4.1. Limitations 
The ability to draw a strong conclusion in this review was hampered by the quality of the 
included trials. The majority of the included trials were of poor methodological quality. In 
addition, this review did not include unpublished studies.  It was further limited by the broad 
spectrum of interventions and outcomes which limited recommendations for exercise 
prescription. In addition, two authors were contacted for clarification but no reply was 
received.  
5. Conclusion 
This systematic review supports the benefits of exercise for south Asians with T2DM. All 
types of exercise were associated with improvement in at least one factor related to T2DM 
management in south Asians which included glycemic control, blood pressure, waist 
circumference, blood lipids, muscle strength, neuropathy progression, functional mobility, 
and quality of life. Although, it was difficult to determine the best exercise prescription, the 
results indicate that south Asians with T2DM may benefit from lower doses of exercise than 
the recommended level for people with T2DM. Future studies, of good methodological 
quality, are required to further investigate the impact of exercise type, dosage and long-term 
effect on T2DM management in south Asians.  
Conflict of interest 
All authors have no conflicts of interest. 
Acknowledgement 
 None 
References 
1.  International Diabetes Federation. IDF Diabetes Atlas, 7th edn. Brussels, Belgium: 
19 | P a g e  
 
 
International Diabetes Federation. 2015.  
2.  Shaw JE, Sicree RA, Zimmet PZ. Global estimates of the prevalence of diabetes for 
2010 and 2030. Diabetes Res Clin Pract. 2010;87(1):4–14.  
3.  Khan NA, Wang H, Anand S, Jin Y, Campbell NRC, Pilote L, et al. Ethnicity and sex 
affect diabetes incidence and outcomes. Diabetes Care. 2011 Jan 1;34(1):96–101.  
4.  Holman N, Forouhi NG, Goyder E, Wild SH. The Association of Public Health 
Observatories (APHO) Diabetes Prevalence Model: estimates of total diabetes 
prevalence for England, 2010-2030. Diabet Med. 2011 May;28(5):575–82.  
5.  Paulweber B, Valensi P, Lindström J, Lalic NM, Greaves CJ, McKee M, et al. A 
European evidence-based guideline for the prevention of type 2 diabetes. Horm Metab 
Res. 2010 Apr;42 Suppl 1:S3-36.  
6.  Schwingshackl L, Missbach B, Dias S, König J, Hoffmann G. Impact of different 
training modalities on glycaemic control and blood lipids in patients with type 2 
diabetes: a systematic review and network meta-analysis. Diabetologia. 2014 
Sep;57(9):1789–97.  
7.  Yang Z, Scott C a, Mao C, Tang J, Farmer AJ. Resistance Exercise Versus Aerobic 
Exercise for Type 2 Diabetes: A Systematic Review and Meta-Analysis. Sports Med. 
2013;17:1179–2035.  
8.  Balducci S, Sacchetti M, Haxhi J, Orlando G, D’Errico V, Fallucca S, et al. Physical 
exercise as therapy for type 2 diabetes mellitus. Diabetes Metab Res Rev. 2014 Mar;30 
Suppl 1:13–23.  
9.  Mason S, Hussain-Gambles M, Leese B, Atkin K, Brown J. Representation of South 
Asian people in randomised clinical trials: analysis of trials’ data. BMJ. 2003 Jun 
5;326(7401):1244–5.  
10.  Celis-Morales CA, Ghouri N, Bailey MES, Sattar N, Gill JMR. Should physical 
activity recommendations be ethnicity-specific? Evidence from a cross-sectional study 
of South Asian and European men. PLoS One. 2013;8(12).  
11.  Sukala WR, Page R, Cheema BS. Exercise training in high-risk ethnic populations 
with type 2 diabetes: A systematic review of clinical trials. Diabetes Res Clin Pract. 
20 | P a g e  
 
 
2012 Aug;97(2):206–16.  
12.  Bhurji N, Javer J, Gasevic D, Khan NA. Improving management of type 2 diabetes in 
South Asian patients: a systematic review of intervention studies. BMJ Open. 
2016;6(4):e008986.  
13.  Babineau J. Product Review: Covidence (Systematic Review Software). J Can Heal 
Libr Assoc / J l’Association des bibliothèques la santé du Canada. 2014 Aug 
1;35(2):68.  
14.  Maher CG, Sherrington C, Herbert RD, Moseley AM, Elkins M. Reliability of the 
PEDro scale for rating quality of randomized controlled trials. Phys Ther. 2003 
Aug;83(8):713–21.  
15.  Paci M, Matulli G, Baccini M, Rinaldi LA, Baldassi S. Reported quality of randomized 
controlled trials in neglect rehabilitation. Neurol Sci. 2010 Apr 10;31(2):159–63.  
16.  Natesan A, Nimbal VC, Ivey SL, Wang EJ, Madsen KA, Palaniappan LP. Engaging 
South Asian women with type 2 diabetes in a culturally relevant exercise intervention: 
a randomized controlled trial. BMJ Open Diabetes Res Care. 2015;3(1):e000126.  
17.  Paul J, Mary MA. A comparative study on the effectiveness of combined aerobic and 
resistance training to improve quality of life in type II diabetes. Int J Pharma Bio Sci. 
2014;5(1):B934-b952.  
18.  Subramanian S, Mathangi R, Ramachandran K, Elumalai M. Impact of combined 
resisted and aerobic exercises on obesity and glycemic control on type 2 diabetic 
mellitus. Res J Pharm Biol Chem Sci. 2014;5(6):800–4.  
19.  Bashyal A, sen  siddhartha, Islam N. EFFECTIVENESS OF PHYSIOBALL 
EXERCISES ON GLUCOSE LEVEL, CARDIOVASCULAR FITNESS and 
QUALITY OF LIFE IN PATIENTS WITH TYPE 2 DIABETES MELLITUS. Int J 
Ther Rehabil Res. 2016;5(4):130.  
20.  Hariharasudhan R, Varunkumar V. Effect of Swiss ball exercise in type II diabetes 
mellitus. Saudi J Sport Med. Medknow Publications; 2015;15(1):82.  
21.  Subramanian S, Venkatesan P. Stability Ball on Glycaemic Control in Type 2 Diabetes 
Mellitus. 2012;1(3):10–3.  
21 | P a g e  
 
 
22.  Hameed UA, Manzar D, Raza S, Shareef MY, Hussain ME. Resistance training leads 
to clinically meaningful improvements in control of glycemia and muscular strength in 
untrained middle-aged patients with type 2 diabetes mellitus. N Am J Med Sci. 
2012;4(8):336–43.  
23.  Arora E, Shenoy S, Sandhu JS. Effects of resistance training on metabolic profi le of 
adults with type 2 diabetes. Indian J Med Res. 2009;129(5):515–9.  
24.  Shenoy S, Arora E, Jaspal S. Effects of progressive resistance training and aerobic 
exercise on type 2 diabetics in Indian population. Int J Diabetes Metab. 2009;17:27–
30.  
25.  Supermanian A, Julius A, Hariharasudan R. Efficacy of Physio Ball Exercises on 
Obesity among Type II Male Diabetes. Res J Pharm , Biol Chem Sci. 
2014;5(1640):1640–3.  
26.  Subramanian. S, Julius A, Hariharasudan R. Effects of Physioball exercises on 
glycemic control and quality life of Type II diabetic patients. Biosci Biotechnol Res 
Asia. 2014;11(1):325–8.  
27.  Subramanian S, Venkatesan P, Deepa S. Impact of Physioball Exercises among Type 
Ii Diabetes on Glycaemic Control and Hypertension. IOSR J Nurs Heal Sci. 
2016;5(1):2320–1940.  
28.  Subramanian S, Julius A. Physio ball exercises on obesity and type II diabetes. 
Biomedicine. 2014;34((3)):pp 396-399.  
29.  Rekha K, Anandh V, Rajendran K. Home based therapeutic intervention for type 2 
diabetes mellitus. J Chem Pharm Sci. 2014;7(3):275–80.  
30.  Sridhar B, Haleagrahara N, Bhat R, Kulur AB, Avabratha S, Adhikary P. Increase in 
the heart rate variability with deep breathing in diabetic patients after 12-month 
exercise training. Tohoku J Exp Med. 2010;220:107–13.  
31.  Guglani R, Shenoy S, Sandhu JS. Effect of progressive pedometer based walking 
intervention on quality of life and general well being among patients with type 2 
diabetes. J Diabetes Metab Disord. 2014;13(1):110.  
32.  Shenoy S, Guglani R, Sandhu JS. Effectiveness of an aerobic walking program using 
22 | P a g e  
 
 
heart rate monitor and pedometer on the parameters of diabetes control in Asian 
Indians with type 2 diabetes. Prim Care Diabetes. Elsevier; 2010;4(1):41–5.  
33.  Dixit S, Maiya A, Shastry B. Effect of aerobic exercise on quality of life in population 
with diabetic peripheral neuropathy in type 2 diabetes: a single blind, randomized 
controlled trial. Qual Life Res. 2014 Jun;23(5):1629–40.  
34.  Dixit S, Maiya AG, Shastry BA. Effect of aerobic exercise on peripheral nerve 
functions of population with diabetic peripheral neuropathy in type 2 diabetes: a single 
blind, parallel group randomized controlled trial. J Diabetes Complications. 2014 
Jan;28(3):332–9.  
35.  Seshadri KG, Ananthakrishnan V, Tamilselvan B, Amarabalan R, Kumar RN. Effect 
of mild physical activity in obese and elderly women with type 2 diabetes. Indian J 
Endocrinol Metab. 2012 Dec;16(Suppl 2):S453-4.  
36.  Nayak S, Maiya A, Hande M. Influence of aerobic treadmill exercise on blood glucose 
homeostasis in noninsulin dependent diabetes mellitus patients. Indian J Clin Biochem. 
2005;20(1):47–51.  
37.  Shakil Ur Rehman S, Karimi H, Gilani SA. Effects of supervised structured aerobic 
exercise training program on high and low density lipoprotein in patients with type II 
diabetes mellitus. Pakistan J Med Sci. 2017 Feb 6;33(1).  
38.  Majeed K, Nizar A, Nishad A. Effects of Multisensory Training on Balance and Gait 
in Persons with Type 2 Diabetes: A Randomised Controlled Trial. Disabil CBR Incl 
Dev. 2013 Jul 28;24(2):79.  
39.  Boule NG, Haddad E, Kenny GP, Wells GA, Sigal RJ. Effects of Exercise on 
Glycemic Control and Body Mass in Type 2 Diabetes Mellitus A Meta-analysis of 
Controlled Clinical Trials. 2001;286(10):11–5.  
40.  Umpierre D, Ribeiro PAB, Schaan BD, Ribeiro JP. Volume of supervised exercise 
training impacts glycaemic control in patients with type 2 diabetes: a systematic 
review with meta-regression analysis. Diabetologia. 2013;56(2):242–51.  
41.  Winnick JJ, Gaillard T, Schuster DP. Resistance training differentially affects weight 
loss and glucose metabolism of White and African American patients with type 2 
23 | P a g e  
 
 
diabetes mellitus. Ethn Dis. 2008;18(2):152–6.  
42.  Colberg SR, Sigal RJ, Fernhall B, Regensteiner JG, Blissmer BJ, Rubin RR, et al. 
Exercise and Type 2 Diabetes: The American College of Sports Medicine and the 
American Diabetes Association: joint position statement. Diabetes Care. 
2010;33(12):e147–67.  
43.  Mendes R, Sousa N, Almeida A, Subtil P, Guedes-Marques F, Reis VM, et al. 
Exercise prescription for patients with type 2 diabetes—a synthesis of international 
recommendations: narrative review: Table 1. Br J Sports Med. 2015;bjsports-2015-
094895.  
44.  Shah A, Kanaya AM. Diabetes and associated complications in the South Asian 
population. Curr Cardiol Rep. NIH Public Access; 2014 May;16(5):476.  
45.  Qiu S, Cai X, Schumann U, Velders M, Sun Z, Steinacker JM. Impact of walking on 
glycemic control and other cardiovascular risk factors in type 2 diabetes: a meta-
analysis. PLoS One. 2014 Jan;9(10):e109767.  
46.  Thomas DE, Elliott EJ, Naughton GA. Exercise for type 2 diabetes mellitus. Cochrane 
database Syst Rev. 2006;3(3):CD002968.  
47.  Foster-Schubert KE, Alfano CM, Duggan CR, Xiao L, Campbell KL, Kong A, et al. 
Effect of diet and exercise, alone or combined, on weight and body composition in 
overweight-to-obese postmenopausal women. Obesity (Silver Spring). NIH Public 
Access; 2012 Aug;20(8):1628–38.  
48.  Post RE, Mainous AG, King DE, Simpson KN. Dietary fiber for the treatment of type 
2 diabetes mellitus: a meta-analysis. J Am Board Fam Med. American Board of 
Family Medicine; 2012;25(1):16–23.  
24 | P a g e  
 
 
Table 1 Evidence table. 
Authors, 
Design, 
Country 
Participants Exercise 
intervention 
 
Comparison 
/control 
Time 
points 
(wk) 
Outcomes Change in outcomes Adverse events 
Rekha et al.
29
 
 
CRT, India 
53 Indians, 35-55 
y/o with T2DM For 
[duration NR]. 
Comorbidity: No 
4 wk partially-
supervised Home 
based AE: walking 
for 45 mins, x5/wk, 
Intensity:  PRE at 
12-14  
Usual care 0,4 FBS (mmol/L)  
 
Diabetes-specific-QoL 
questionnaire
 
 
-23.54** 
 
Overall score +11.16** 
NR 
Sridhar  et al.
30
 
 
CRT, India 
105 Indian,57-65 
y/o with T2DM for 
mean 7 yrs,  
comorbidity: no 
52 wk supervised 
AE: cycling or 
treadmill for 60 
mins, x5/wk, 
intensity: NR 
Usual care 0,52 HbA1c%  
SBP (mmHg) 
DBP (mmHg) 
HRV
 
(millisecond) 
-2.2** 
-8.7*¥ 
-5.8*
 
¥ 
+3.47** 
NR 
Guglani et al.
31
   
 
CRT, India 
102 Indians, 40-70 
y/o with T2DM for 
>1 y. 
 Comorbidity: no 
16 wk supervised 
AE: walking with 
pedometer for 30-
40 mins, x5/wk, 
Intensity: PRE at 
12-14  
1-Usual care 
 
2-16 w 
pedometer 
0,16 ADDQol (leisure activity, 
working life, long distance 
journey,holiday, do physically, 
family, social life, close personal 
relationship, sex life, physical 
appearance, self-confidence, 
motivation, people general 
reaction, future, financial 
situation, living condition, 
dependence, freedom to eat,  
freedom to drink,  
 
GWBS
↑↑
  
(-0.9**, -1.4**,-0.18, 
-0.3**, -1.8**, -1**,-0.5**,-
.07**,-0.1**,-1**,-0.9**,-
0.5**,-0.26**,-0.7**, -
0.6**,0.7**,0.5**, -0.7**, 0) 
 
 
 
 
 
 
+8.7** 
NR 
 Shenoy et al.
32
 
 
CRT, India
 
 
40 Indians, 40-70 
y/o with T2DM for 
1-10 years, 
Comorbidity: No  
8 wk supervised 
AE: walking using 
heart-rate monitor 
and pedometer for 
35-40 min, x5/wk 
Intensity: 50-70% 
of maximum heart 
Usual care 0,8 HBA1c%
 
FBG(mmol/L) 
DBP (mmHg) 
 
SBP (mmHg)  
BMI (kg/m
2
)
 
GWBS 
-0.75** 
-76.4** 
-10.8** 
-3.3** 
-1.1* 
+6.5** 
NR 
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rate. 
Dixit et al.
34,33
 
€ 
 
 
CRT, India
 
87 Indians, 40-54 
y/o,  with T2DM 
for mean: 5.4-6.8 
yrs,  comorbidity: 
peripheral 
neuropathy  
8 wk supervised 
AE: treadmill 
for30-45 min, x3-
6/wk 
 intensity: 40- 60% 
of heart rate reserve 
and PRE at (12-14)  
+ diet & Education 
Usual care 
+Education & 
diet 
0,8 Neuropathy Qol
 
FBS (mmol/l) 
PPBS (mmol/l) 
BMI (kg/m
2
)  
hip-circumference (cm) 
hip-waist-ratio  
MDNS 
nerve conduction for 
peroneal and sural  nerve:  
Latency (millisecond)  
Duration (millisecond  
Amplitude (milivolt),  
Conduction velocity 
(meter/second)
 
 
-8.44** 
-29** 
-65.6** 
-0.03 
+0.33 
-0.01 
-5.54** 
 
 
+0.3 
+0.77 
+0.5 
+3.08** 
NR 
Seshadri et al. 
35
 
CCT, India 
 
18 Indians, > 60 
y/o, with T2DM 
for,[duration: NR], 
Comorbidity: 
obesity & physical 
limitations 
24 wk unsupervised 
home based AE: 
walking for 5mins 
per hour for most 
waking hours, 
x7/wk 
Intensity: Low 
Usual care 0,24 HbA1c(%) 
Weight (2.4kg) 
 6-M-W (m) 
 QOL-EQ-5D 
-1.33** 
-2.4* 
+67* 
+13.6* 
NR 
Nayak  et al 
36
 
 
CCT, India  
20 Indians, 45-60 
y/o, with T2DM for 
NR, Comorbidity: 
no 
6 wk supervised 
AE: treadmill for 
60 mins, x5/wk, 
 Intensity: PRE at 
13-14  
Usual care 0,6 FBS (mmol/l) 
PPBS (mmol/l) 
-39** 
-44.6** 
None 
Shakil et al.
37
 
 
CRT, Pakistan 
102 Pakistani, 
mean 54 y/o with 
T2DM for 
[duration: NR] 
Comorbidity: no 
25 wk supervised 
AE: treadmill, 
progressed from 10 
to 50 mins, x3/wk  
Intensity: NR 
Usual care 0,25 HDl (mmol/l) 
LDL(mmol/l) 
+4.77** 
-15.92** 
NR 
Arora et al.
23,24
 
  Shenoy et al. 
€ 
30 Indians, 40-70 
y/o, with T2DM for 
> 6 months, 
1) 16 wk 
Supervised RE: 
weight-lifting 
Usual care  0,8,16 RE: HbA1c(%)
  
FBS (mg/dl)  
SBP(mmHg) 
-1.83*** 
-69** 
-9*** 
none  
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CRT, india 
 
Comorbidity: no TMMG, 3 sets, 10 
reps, x2/wk. 
Intensity: 60- 100% 
of 1RM 
 
 
2) 16 wk 
Supervised AE: 
walking for 
30mins, x3/wk 
[intensity: NR] 
Muscle strength (N) 
 DBP (mmHg)  
BBSS 
 
at wk 8:
 
GWBS 
  
Total-c (mg/dl)***  
HDL(mg/dl) 
TG (mg/dl)
  
BMI
 
(kg/m
2
)
 
AE: HbA1c(%) 
FBS (mg/dl)
 
BBSS  
BP (mmHg) 
Muscle strength (N) 
At w 8: GWBS 
Total-c (mg/dl) 
HDL(mg/dl) 
TG(mg/dl) 
 
BMI(kg/m2)
 
+33.7** 
-8*** 
+3** 
+4*** 
-25*** 
+1 
-40 
-0.2 
-1.33** 
-26** 
+3** 
-3, -1** 
+31** 
+1** 
-11** 
+2 
-11 
-0.4 
Bashyal et al.
19
 
 
CRT, India 
28 Indians45-65 y/o 
with T2DM for 
NR, Comorbidity: 
NR 
4 wk Supervised 
RE using swiss-ball 
TMMG, volume: 
NR, x3/wk, 
Intensity: NR.  
RE- Thera-
band 
 
0, 4 I: FBS (mmol/l) 
SF-36 
 
C: FBS(mmol/l) 
 SF-36 
-15.22* 
+9.35* 
 
C: -8.71* 
+3.25* 
NR 
Hariharasudha 
& 
Varunkumar.
20
 
 
 CRT,  India 
80  Indians, 30-60 
y/o with T2DM for 
[Duration: NR], 
comorbidity: no 
12 wk Supervised 
RE using swiss-ball 
TMMG, 3 sets/ 5 
reps, x3/wk, 
Intensity: holding 
for 0-10 seconds 
 
Usual care 0,12  
I: HbA1c (%) 
FBS (mg) 
PPBS (mg) 
WC (cm) 
C: no significant changes 
¥ 
-1.41* 
-22.05* 
26.12* 
-2.23* 
Two 
hypoglycaemic 
events  
Subarmanian 
& 
 Venkatesan.
21
 
 
CRT, India 
60 Indians, 30-60 
y/o with T2DM for 
[duration: NR] 
Comorbidity: no 
12 wk Supervised 
RE using swiss-ball 
TMMG, 3 sets/5 
reps, x3/wk 
Intensity: per 
guidelines of 
Usual care  0,12  
I: Hba1C (%) 
 BMI(kg/m2) 
 
C: no significant changes 
¥ 
-0.55* 
-1.5* 
major: no 
Minor: NR 
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ACSM 
Hameed et al.
22
 
 
CRT, India 
48 Indians, 35-55 
y/o, with T2DM for 
>6 months 
Comorbidity: no  
8 wk Supervised, 8 
wk, RE using 
weight machine 
TMMG, 3 
sets/10reps/ Rest 2 
mins, x2-3/wk 
based on 
participants’ 
preference,  
Intensity: 65- 70% 
of 1-RM 
Sham exercise 0,8 Hba1c(%) 
HDL-C(mmol/l) 
TC(mmol/l) 
TG (mmol/l)  
LHL-c (mmol/l) 
 SBP (mmHg)  
DBP (mmHg) 
Weight (kg)
 
WC (cm)  
Muscle strength (kg) 
-0.62** 
+0.11** 
+0.01 
-0.02 
-0.3 
-3.04 
-1.59 
+0.25 
-1.84** 
+16.08**  
“few instances 
of muscle 
soreness” 
Subramanian 
et al.
25–28
 € 
 
 
CRT, India 
100 Indians, 30-60 
y/o, with T2DM, 
[duration: NR], 
Comorbidity: 
hypertension 
12 wk Supervised 
RE using swiss-ball 
TMMG,  volume: 
NR, x3/wk 
intensity: per 
ACSM & ADA 
guidelines 
Usual care   0,12  
I: IHbAc1(%)  
SBP(mmHg)  
DBP(mmHg)  
14 items-QOL 
BMI (kg/m
2
) 
WC 
C: IHbAc1 
SBP, DBP 
14 items of QOL,  
BMI 
WC 
¥ 
-0.57* 
-2* 
-4* 
+13* 
1.46* 
-3.56* 
+0.28 
+5 
↓
,+1 
↓
 
+1 
+0.26 
+0.22 
Few 
hypoglycemic 
events   
Natesan et al.
16
 
 CRT,USA 
28 (1 Pakistani, 1 
Bangladeshi, 26 
Indians), 18-85 y/o 
with T2DM for 
approximately 7.5 
yrs Comorbidity: 
no 
8 wk Supervised 
CE: Bollywood & 
weight lifting for 
60 mins, x2/wk, 
intensity: NR 
Usual care 0,8  HBA1c
 
 
Weight 
BMI  
-0.18** 
-0.26 
-0.11 
 NR 
Paul & Mary
17
 
 
CRT, India 
30 Indians, 16 M, 
14 F, 45-64 y/o, 
with T2DM for > 5 
yrs. Comorbidity: 
10 wk supervised, 
CE: (different AE 
& RE: swiss-ball) 
for 60 mins, x3/wk 
Supervised, 10 
w, AE: 
(different AE, 
1 hour, 3/w,  
0,10 CE: FBS (mg/dl) 
 
SF-36 (physical health problems, 
limitations due to physical health, 
limitations due to emotional 
-36.4** 
 
(+23.82*,+65.33*,+72.67*, 
+21.46*,+20.33*, +12.5*, 
NR 
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no Intensity: NR  [intensity: NR]  problem, Energy& fatigue, 
emotional wellbeing, social 
functions, pain, general health). 
 
 
AE: FBS (mg/dl)  
 
SF-36 (physical health problems, 
limitations due to physical health, 
limitations due to emotional 
problem, Energy& fatigue, 
emotional wellbeing, social 
functions, pain, general health)
 
 
+16.94*, +29.33*) 
 
 
 
 
 
-24* 
 
(+9.02*,+42*, 49.33*,+5.1*, 
+7.93*, +4.03, +6.84*, +6.87*) 
 
Subramanian 
et al.
18
 
 
CRT,India 
100 Indians, 30-60 
y/o, with T2DM, 
[duration: NR]. 
Comorbidity: 
obesity  
24 wk supervised 
CE: (AE: x3/wk + 
RE:2/w) [duration: 
NR], intensity: per 
guidelines of 
ACSM and ADA 
Usual care 0,24  
I:HbA1c(%) 
WC (cm) 
C: HbA1c (%) 
WC (cm) 
 
 
¥ 
-1.23* 
7,98* 
+0.63
↓ 
+5.46
↓
 
 
 
NR 
Majeed et al.
38
  
 
CRT, India 
32 Indians, 55-75 
y/o with T2DM for 
[duration: NR]. 
Comorbidity: 
peripheral 
neuropathy 
6 wk Supervised 
balance Exercise 
for 30min, x3/wk, 
[intensity: NR] 
Usual care + 
education  
0,6  
I: Timed-up & go (s) 
6-M-W (m)
 
C: no significant change 
¥ 
-2.075* 
+1.34 
 
NR 
Abbreviations: €: published in more than one article; M: male; F: female; wk: week; NR: not reported; AE: aerobic exercise; RE: resistance exercise; CE: combined 
exercise; *:  significant improvement compared to baseline, **: significant improvement compared to a control; ↓: deteriorated significantly compared to baseline; ¥: 
no between-group analysis reported; I: intervention group; C: control group; yrs: years; DBP: diastolic blood pressure, SBP: systolic blood pressure QoL: quality of 
life; ADDQol: The Audit of Diabetes-Dependent Quality of Life  6-M-W: 6 Minutes-walk HDL: High-density lipoprotein; LDL: low-density lipoprotein; T-
cholesterol: Total-cholesterol; GWBS: General health-wellbeing scale; BBS: Berg Balance scoring Scale; yrs: years; y/o: years old; ACSM: American College of 
Sports Medicine; TMMG: targeting Main muscle groups; 1-RM: one-repetition maximum; RPE: the Rating Perceived Exertion Scale, min: minute.  
Numbers represent change from baseline to post intervention in the exercise groups unless stated otherwise 
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Table 2. PEDro scores 
Author Eligibility 
Criteria 
Random 
Allocation 
Concealed 
Allocation 
Baseline 
Comparability 
Participant 
Blinding 
Therapist 
Blinding 
Assessor 
Blinding 
< 15% 
Dropout 
Intention 
to Treat 
Between-
Group 
Point 
Estimate 
Total 
(out of 
30 | P a g e  
 
 
Difference and 
Variability 
10) 
Natesan et al.
16
 1 1 1 1 0 0 0 0 1 1 1 6 
Paul & Mary
17
 1 1 0 1 0 0 0 0 0 1 1 4 
Subramanian et al 
18
 1 1 0 0 0 0 0 0 0 0 1 2 
Bashyal et al.
19
 0  1 0 1 0 0 0 0 0 1 1 4 
Hariharasudha & 
Varunkumar
20
 
1 1 0 0 0 0 0 1 1 0 1 4 
Subarmanian & 
Venkatesan
21
 
1 1 0 0 0 0 0 1 0 0 1 3 
Hameed et al.
22
 1 1 0 1 0 0 0 1 1 1 1 6 
 Arora et al.
23
 
 Shenoy et al.
24
  
1 1 0 1 0 0 0 1 0 1 1 5 
Subramanian et al.
25–
28
 
1 1 0 0 0 0 0 1 1 0 1 4 
Rekha  et al.
29
 1 1 0 1 0 0 0 1 1 0 1 5 
Sridhar  et al.
30
 1 1 0 1 0 0 0 0 0 1 1 4 
Guglani et al.
31
 1 1 0 1 0 0 0 1 0 1 1 5 
Shenoy et al.
32
 1 1 0 1 0 0 0 1 1 1 1 6 
Dixit et al.
33,34
  1 1 0 0 0 0 1 1 1 1 1 6 
Seshadri et al 
35
 1 0 0 0 0 0 0 0 0 1 1 2 
Nayak et al.
36
 1 0 0 0 0 0 0 1 1 1 1 4 
 Shakil et al 
37
 1 1 0 1 0 0 0 0 0 1 1 4 
Majeed et al.
38
  1 1 0 1 0 0 0 0 0 0 1 3 
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 Table 3.  Effects of different exercise programs 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Hba1c blood 
pressure 
blood 
lipids 
anthropometrics muscle 
strength 
balance/functional 
mobility 
quality of life 
and well-
being 
Aerobic √ √√√ √√√ √√ x √ √ √√√√ 
Resistance √√ √√ √√ √ √√ √ √ 
Combined √ NI NI NI NI NI √ 
Balance NI NI NI NI NI √ NI 
√:  a study reporting statistically significant improvement; X: Effect of exercise investigated but no significant 
improvement was reported; NI: The effect of exercise has not been investigated 
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Appendix one: Search strategies 
MEDLINE and Embase were searched using the Ovid   
 
1. exp Exercise/ or exp Exercise Therapy/ or exercise.mp. or Circuit-Based Exercise/ or exp Exercise Movement Techniques/ (313503) 
2. ("aerobic exercise" or "aerobic training" or (aerobic adj 2 program*) or walking or treadmill or "circuit training" or "circuit exercise" or 
swimming or ergometer or bike or running).mp. [mp=title, abstract, original title, name of substance word, subject heading word, 
keyword heading word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synony  
3. ("balance training" or "functional training").mp. [mp=title, abstract, original title, name of substance word, subject heading word, 
keyword heading word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]  
4. ("thera*band" or "resistance*band" or "weight lifting" or "gym machine" or "physio*ball" or "swiss*ball" or "balance*ball" or 
"Elastic*band" or "resistance training" or "strengthening training" or "strengthening exercise" or "resistance exercise").mp. [mp=title, 
abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supplementary concept word, 
rare disease supplementary concept word, unique identifier, synonyms]  
5. "physical activity".mp.  
6. 1 or 2 or 3 or 4 or 5  
7. exp Diabetes Mellitus, Type 2/ or "non*insulin*dependent".mp.  
8. "Type II diabetes".mp. 
9. 7 or 8  
10. exp Asian Continental Ancestry Group/ or exp Ethnic Groups/ or south asian.mp.  
11. (India* or Pakistan* or Bangladesh* or "Sri Lank*" or Nepa* or (south adj2 asia*)).mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, keyword heading word, protocol supplementary concept word, rare disease supplementary 
concept word, unique identifier, synonyms] 
12. 10 or 11  
13. 6 and 9 and 12  
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Cinhal 
 
 
1. (MH "Exercise+") OR "exercise" OR (MH "Resistance Training") OR (MH "Therapeutic Exercise+") OR (MH "Group Exercise") OR (MH 
"Sport Specific Training") 
2. (MH "Aerobic Exercises+") OR ""aerobic exercise" OR "aerobic training" OR (aerobic N3 program*) OR walking OR treadmill OR 
"circuit training" OR "circuit exercise" OR swimming OR ergo*meter OR bike OR running" 
3. (MH "Balance Training, Physical") OR (MH "Functional Training") OR ""balance training" OR "functional training"" 
4. (MH "Resistance Training") OR (MH "Muscle Strengthening") OR (MH "Body-Weight-Supported Treadmill Training") OR 
""thera*band" OR "resistance*band" OR "weight lifting" OR "gym machine" OR "physio*ball" OR "swiss*ball" OR "balance*ball" OR 
"Elastic*band" OR "resistance training" OR "strengthening training" OR "strengthening exercise" OR "resistance exercise"" 
5. (MH "Physical Activity") 
6. S1 OR S2 OR S3 OR S4 OR S5 
7. (MH "Diabetes Mellitus, Type 2") OR "type 2 diabetes"   
8. "non*insulin*dependent"   
9. "Type II diabetes"  
10. S7 OR S8 OR S9 
11. (MH "Asians") OR "south asian" 
12. india* OR Pakistan* OR Nepal* OR Bangladesh OR “sri lanka*”
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Cochrane: 186 
 
 
1. #1- MeSH descriptor: [Motor Activity] 1 tree(s) exploded 
2. #2- MeSH descriptor: [Exercise] explode all trees 
3. #3- (aerobic near/2 exercise) or (aerobic near/2 training) or (aerobic near/2 program?) or walking or treadmill or (circuit near/2 
training) or (circuit near/2exercise) or swimming or ergometer or bike or running  
4. #4- (balance near/2 training) or (functional near/2 training)  
5. #5- thera?band or resistance?band or (weight near/2 lifting) or (gym near/2 machine) or physio?ball or swiss?ball or balance?ball or 
Elastic?band or (resistance near/2 training) or (strengthening near/2 training) or (strengthening near/2 exercise)  
6. #6- #1 or #2 or #3 or #4 or #5  
7. #7- (south near/2 asia?)  
8. #8- india?  
9. #9- pakistan?  
10. #10- (sri lanka?)  
11. #11- bangladesh  
12. #12- nepal?  
13. #13- #7 or #8 or #9 or #10 or #11 or #12  
14. #14- MeSH descriptor: [Diabetes Mellitus, Type 2] explode all trees 
15. #15- non?insulin?dependent  
16. #16- #14 or #15  
17. #17- #6 and #13 and 16  
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Pedro:  
 
Exercise AND Diabetes 
 
